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THE DISTRIBUTION OF STEROID IN SKIN FOLLOWING INTRAVENOUS
INJECTION OR ORAL ADMINISTRATION
RUTH R. RAUSCHKOLB, M.D.' AND ELIZABETH W. RAUSCHKOLB, M.D.'
The metabolic effects of systemically admin-
istered corticosteroid are more evident if the
steroid is administered in such a way as to insure
prolonged absorption. Thus, with scarcely an
exception, the biological assays of corticosteroids
utilize the subcutaneous or intraperitoneal route
of injection (1). Administration of the steroid by
rapid intravenous injection or infusion over a
short period of time is followed by prompt ex-
cretion, resulting in short-lived metabolic effects
(2). It has been assumed that the therapeutic
effectiveness of steroid administered intrave-
nously would be brief and transitory. This as-
sumption may not, however, be accurate.
Recently, it has been reported that a series of
patients with various dermatoses showed superior
and accelerated anti-inflammatory effect in
therapeutic response to methylprednisolone
sodium succinate injected intravenously. It was
stated that the results were obtained with lack of
symptoms of adrenal cortical hyperfunction (3).
If dissociation of therapeutic benefit from un-
desirable side effects can be achieved by intra-
venous injection of steroid, it could be of great
importance.
There is considerable information in the litera-
ture as to the rate of removal of steroid from the
blood following intravenous injection. However,
relatively little is known about the amount of
steroid present in the skin following administra-
tion by this route and there is a paucity of data as
to its rate of metabolism in the skin. The following
experiments were designed in an effort to eluci-
date these matters.
METHODS
Young Sprague Dawley male rats, weighing 140
to 175 gm., were selected for this experiment.
Fifteen animals were given 5 mg. of hydrocorti-
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sone sodium succinate* in 1 ml. distilled water by
rapid injection into the external jugular vein.
Thirteen animals were given the same dose by
gastric intubation. Two control animals received
1 ml. of physiological saline intravenously. At
five, fifteen, thirty, sixty and one hundred eighty
minutes following steroid administration rats in
each group were lightly anesthetized with ether.
Four to 6 ml. of blood were withdrawn from the
abdominal aorta into a syringe containing a small
amount of heparin. The blood samples were frozen
in solid carbon dioxide for later steroid analysis.
After the blood sample was collected the skin
was quickly stripped from the animal. All obvious
adipose tissue was carefully scraped from the
skin which was then frozen at —70°C. For analysis
of steroid content, the skin, while still frozen, was
ground to a coarse powder. The powdered skin was
suspended in a small amount of water and ex-
tracted by shaking the mixture with 3 volumes of
chloroform for four hours at 3°C. The chloroform
extract was separated by centrifugation and the
precipitate was re-extracted. The solvent was
evaporated and the residue was partitioned be-
tween hexane and water. The aqueous fraction was
re-extracted with chloroform and the residue from
the chloroform was ehromatographed for 72—SO
hours on paper for recovery of hydroeortisone ac-
cording to the method described by Zaffaroni (4).
The method has been found to result in excellent
recovery of hydrocortisone from biological fluids
(5). Quantitation of the isolated steroid (hydro-
cortisone free alcohol) was by absorption in ultra-
violet following elution in methanol. A distinct
absorption maximum at 240 mit. was considered
to be an essential requirement for accurate quan-
titation and was fulfilled in the reported experi-
ments.
For isolation of the steroid from blood, the red
blood cells were first hemolyzed by the addition
of distilled water, and the mixture was extracted
with chloroform. The chloroform residue was
chromatographed as above.
In three additional experiments the relative
concentration of steroid in the red cells and plasma
was determined. Five to 8 minutes after intra-
venous injection of 5mg. of hydroeortisone sodium
sueeinate, blood samples were taken and imme-
* The hydroeortisone sodium sueeinate was ob-
tained through the courtesy of Drs. H. C. Peltier
and Porter F. Crawford of the Upjohn Company.
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diately centrifuged. The plasma was pipetted from
the red cells. The total volume, hematocrit and
plasma volume of each sample were noted. Each
plasma sample and corresponding red cell sample
were then extracted and the extract was chromato-
graphed as above for recovery of steroid.
For determination of the skin water content,
three rats were sacrificed and the skin immediately
removed and weighed. The wet weights of the skin
were 25.53, 21.40 and 25.87 gm. respectively. Each
skin was dried in the open air over a warm heating
register for one week and then placed in a silica gel
desiccator until a constant weight was obtained.
The dry weights were 9.97, 9.31 and 10.62 gm. re-
spectively. Skin water content, the difference be-
tween wet and dry weights, was expressed as per-
centage, 60.9%, 56.5% and 58.9%, respectively.
The average, 58.8%, is in excellent agreement with
the value of 60% quoted by Rothman (6).
RESULTS AND DISCUSSION
Hydrolysis of hydrocortisone sodium succinate
to hydrocortisone free alcohol
The compound was administered as the water
soluble sodium suecinate salt, because high con-
centrations of steroid can be injected intrave-
nously in this form. The steroid as isolated from
the blood and skin was the biologically active
hydrocortisone free alcohol. Although information
as to the kinetics of hydrolysis or the locus of the
process was not provided by these experiments,
it was clear that this reaction occurred promptly.
Within five minutes after intravenous injection,
hydroeortisone free alcohol was present in the
blood in a mean concentration of 1938 g./l00
ml. (Table 1).
A large fraction of the administered steroid
could not be accounted for. At the five minute
period, when the blood steroid was at the highest
level observed in this study (Figure 1, Table 1),
the average amount of steroid in the vascular
compartment per animal was estimated as 232
pg., based on an estimated blood volume of 12
ml., 8 per cent of body weight. A mean value of
104 Mg. was found in the skin. Thus, of the 5 mg.
of steroid injected into each rat, approximately
336 Mg. (6.7%) as hydrocortisone free alcohol were
isolated from skin and blood. The fate of the
remaining steroid was not determined in these
experiments. The relatively small fraction of
hydroeortisone in the blood, in view of the large
dose injected, may reflect incomplete hydrolysis
or rapid excretion of the suecinate form. The
TABLE 1
Distribution of hydrocortisone between blood and
skin following intravenous injection of the
hydrocortisone sodium succinate
Skin Con-5kin Con-
centra- centra- ercent-
tion, tion, ageo
pg/lOU pg./100 Sos ,i,n
gsn. wet ml. skin
weight water*
530 901 —
480 816
560 952
523 887
367 624 44.8
312 530
385 654
354 603
* Calculated from average water content =
58.8% of wet weight; see text.
t Calculated from free water = 60% of total
skin water.
latter possibility seems the more tenable, since
the blood steroid level dropped abruptly after
the five minute period. This would not be the ease
if hydrolysis continued to provide free hydro-
cortisone from circulating suecinate.
Entrance of steroid into red blood cells
The steroid concentrations in the red cells were
compared with those in the plasma in three
experiments. The levels of hydroeortisone in the
plasma were 808, 814 and 453 pg./100 ml. five to
eight minutes after injeetion.* In the red cells
taken from the same samples of blood the values
* The rats used in this experiment were larger
than those used in the other experiments, weighing
233 grams on the average.
Blood
Time after Injection Concentra-
pg./lOO ml.
5 minutes 2343
1179
2293
mean 1938
15 minutes 480
420
mean 450
30 minutes 239
183
282
mean 234
60 minutes 92
228
144
mean 154
180 minutes 31
14
mean
157
218
208
194
137
200
140
159
18
21
17
19
42.4
34.2
47
267
371
354
331
233
340
238
270
31
36
30
32
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FIG. 1. Comparison of steroid concentrations
expressed as jzg./100 ml. of total skin water with
those present in the blood at the same time inter-
vals. Note that at every time interval after five
minutes the steroid concentration in the skin is
higher than that in the blood.
were 871, 857 and 457 pg./100 ml., respectively.
The red cells thus appeared to contain very
nearly the same concentration of steroid as the
plasma, ratio in red cells:plasma 1:1.08, 1:1.05
and 1:1.01, respectively. This result is in agree-
ment with the earlier observation of Samuels and
co-workers (7). At low concentrations, the plasma
protein bound steroid accounts for most of the
steroid in the blood. Relatively little is available
unbound to diffuse into red cells. At high steroid
concentrations, the plasma binding capacity is
exceeded, and the steroid enters the red cells. The
high concentrations of steroid in the extracellular
compartment of the skin (v.i.) undoubtedly
reflected the same phenomenon, in that saturation
of plasma protein steroid binding capacity oc-
curred, with subsequent transfer of unbound
steroid to extracellular fluid.
Levels of steroid in the blood
The results of analyses of hydrocortisone in the
blood following intravenous injection are sum-
marized in Table 1 and Figure 1. At the earliest
time period studied, 5 minutes after injection, the
blood concentration was found to be 1938 pg./100
ml. of blood. At 15 minutes, it was 450 Mg.!100
ml., at thirty minutes 234 Mg. /100 ml. and the
level gradually declined to 25 Mg. /100 ml. at the
end of three hours. The steroid level, even at this
time, was probably sufficiently high to be bio-
logically significant.
It is evident that the steroid rapidly disappears
from the blood following intravenous injection.
The disappearance presumably reflects the
combined effects of degradation and excretion as
well as continued diffusion into tissues. The
experiment does not permit an accurate estimate
of half-life of the steroid because of the complex
kinetics of hydrolysis, excretion, degradation and
tissue diffusion. It appears, however, that more
than 75% of the steroid present in the blood at
five minutes was removed in the next ten minutes.
Five minutes after oral administration of
hydrocortisone sodium succinate, hydrocortisone
free alcohol was found in the blood in a mean
concentration of 56 Mg.!100 ml. Analysis of blood
samples at the end of thirty, sixty and one hun-
dred eighty minutes revealed no levels signifi-
cantly higher than those present at the five
minute period. The low constant levels found in
the blood probably represent an equilibrium be-
tween absorption on the one hand and degrada-
tion and excretion on the other. The rapidity
with which the steroid appears in the blood
following gastric intubation is noteworthy, al-
though the levels are low in comparison with
those following intravenous administration.
Steroid levels in the skin
Ilydrocortisone free alcohol was detected in the
skin five minutes after intravenous injection of
hydrocortisonc sodium succinate (Table 1). The
concentration of the steroid in skin, 523 g./l00
gm. had a ratio to that in the blood at the same
time interval of 1:3.7. The decline in the skin
level was significantly slower than that in the
blood, so that at fifteen, thirty, sixty and one
hundred and eighty minutes the ratio was 1:1.28,
1:1.21, 1:0.97 and 1:1.32. It appears that pas-
sage of the steroid molecule from the blood into
the skin occurs with ease. The rapid transfer of
steroid across the capillary membrane into the
cxtracellular fluid undoubtedly reflects the
presence of available unbound steroid in the
circulation. It is noteworthy that the concentra-
j1I'
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tions of steroid in the total skin water were
actually higher than those in the blood at every
interval after five minutes (Table 1).
Hydrocortisone free alcohol in small amounts,
mean value 34 pg./100 gm. wet weight, was found
in the skin within 5 minutes of administration of
the steroid by gastric intubation. At no time did
the skin steroid concentrations approach the
levels obtained by intravenous injection. The
level reached was sustained to the end of the study,
3 hours after intubation. (Table 2).
Distribution of steroid within the skin
It is apparent that the steroid present in the
blood rapidly entered the tissues. Since the total
skin water had been determined, of which the
volume of "free" water is estimated at 60 per cent,
the amount of steroid present in the "free" water
of the skin could be calculated on the assumption
that the extracellular fluid is an ultrafiltrate of
plasma. Five minutes after injection, equilibrium
between the blood and the extracellular fluid was
not achieved, since the steroid concentration in
TABLE 2
Distribution of hydrocortisone between blood and
skin following administration by
gastric intubation
41
13
31
25
28
Steroid con-
centration in
total skin
water, p g./100
ml.
58
53
65
58
the total skin water was 23.5% less than that
calculated for equilibrium with the blood. By
fifteen minutes, equilibrium had occurred. In-
deed, at this time, only 44.8 per cent of the steroid
found in the skin could be accounted for as
present in the "free" water. The remainder, ac-
cording to this estimate, was necessarily present
iutracellularly or associated with formed ele-
ments. At thirty, sixty and one hundred eighty
minutes, the calculated amounts of steroid
present in the "free" water were 42.4 per cent,
34.2 per cent and 47 per cent of the total skin
steroid, respectively. This indicates that more
than half of the steroid in the skin leaves the
"free" water compartment and is sequestered in
other structures in the skin. It is anticipated that
studies in progress will permit a decision as to
the site of localization of this fraction of the
steroid.
SUMMARY AND CONCLUSIONS
1. Hydroeortisone free alcohol is found in the
skin of the rat within five minutes of intravenous
injection or oral administration of hydrocortisone
sodium sueeinate.
2. At every time interval after five minutes,
the steroid concentrations in total skin water are
higher than in the blood.
3. Evidence is presented that more than half
the steroid in the skin after intravenous injection
is present in the intracellular fluid or in formed
elements.
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Steroid concen-
teatinn in skin,
pg.! 100 gm.
34
31
38
34
5.3
8.6
10.5
8.1
41
37
26
35
Time after
intubation
5 minutes
mean
30 minutes
mean
60 minutes
mean
180 minutes
mean
Sternid
cnncentration
in blond,
pg/tOO ml.
98
41
30
56
33
18
25
29
132
27
62
30
82
34
48
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